The strain of acetic acid bacteria Komagataeibacter xylinus B-12068, producing of bacterial cellulose (BC), was isolated and described. The effects of cultivation conditions (carbon sources
Introduction
Cellulose is extracellular polysaccharide synthesized by higher plants, lower phototrophs, and prokaryotes belonging to various taxa: Gluconacetobacter, Acetobacter, Komagataeibacter (Tanaka et al., 2000; Yamada et al., 2012) . Except for bacteria and tunicates, cellulose is a component of the cell wall of plants, algae, and slime molds (Dictyostelium) (Saxena, Brown, 2005) . Cellulose is used in a variety of applications in food and paper industries, medicine, and pharmaceutics. The chemical structure of bacterial cellulose (BC) is similar to that of plant-derived cellulose, but it has unique physical, mechanical, and chemical properties such as high strength, elasticity, gas permeability, high water-holding capacity, porosity, etc. Gel pellicles of BC have an ordered structure: they are 3D networks consisting of ribbon-like randomly oriented cellulose microfibrils. This structural arrangement of BC and its high compatibility with biological tissue make it attractive material for reconstructive surgery; skin tissue repair; target tissue regeneration in dentistry, general surgery, and maxillofacial surgery; and cell and tissue engineering -as carrier for drugs (Ma et al., 2010; Saska et al., 2011) .
To increase the scale of production of bacterial cellulose and to widen the range of its applications, it is necessary to have bacterial strains capable of synthesizing high yields of this valuable product of biotechnology. Therefore, much of recent research has been focused on finding new cellulose-producing strains and improving the fermentation techniques.
The purpose of the present study was to investigate the strain Komagataeibacter xylinus B-12068 as a new producer of bacterial cellulose and evaluate the influence of culture conditions on the efficiency of bacterial cellulose production.
Materials and methods
A new bacterial strain Komagataeibacter xylinus B-12068 was isolated from the fermented tea (kombucha) Medusomyces gisevii J. Lindau on Hestrin-Schramm (HS) medium . The strain was identified based on its morphological, biochemical, genetic, and growth parameters. The morphology of bacterial cells was studied in Gram-stained preparations.
The phenotypic properties were studied using conventional microbiological techniques.
Growth on carbon sources such as glucose, (Yamada et al., 2012) . BC production by the strain was investigated under different culture conditions. Static cultivation was performed in the surface mode in Petri dishes, 1500-ml glass trays, or 250-to 500-ml Arithmetic means and standard deviations were found.
Results and discussion
The strain On the media containing maltose and mannitol, BC production was very low, about 0.
i.e. these carbon sources were not suitable for production of bacterial cellulose by this strain.
The physiological glucose range for this strain is rather wide; K. xylinus B-12068 growth and BC production were inhibited at glucose concentration in the culture medium higher than 25 % (w/v). Mohammadkazemi et al. (2015) reported a study of the effects of carbon sources and nitrogen concentration in the culture medium on BC production. Castro et al. (2012) also showed the effect of the carbon source on BC production: the BC yield from glucose was the highest (3 g/L) while the medium containing sucrose yielded 2 g/L, and the media with fructose and mannitol -no more than 0.4 g/L. These data are consistent with the results reported in another study, which showed that such carbon sources as maltose, cellobiose, xylose, and galactose were less suitable for BC production by Acetobacter xylinum than glucose (Surma-Ślusarska et al.,
2008).
As BC production is influenced not only by show varying acid tolerance. In a study by Castro et al. (2012) , the highest BC yields were obtained in G. medellensis culture at pH 3.5 (up As glucose was determined as the best substrate for K. xylinus B-12068, it was used as carbon substrate in the subsequent experiments.
Results of the comparative study of the effects of cultivation conditions on BC production are given in Table 2 .
When the strain was grown on the surface of glucose-enriched HS medium (100 ml, the layer of the medium 2.0±0. shaking. The efficiency of BC production on modified medium varied within a narrow rangebetween 37.1 до 39.8 % glucose. The use of citrate or acetate to achieve the initial value of pH of the medium did not cause any significant changes in BC production (Table 1 ).
The available data on the effect of culture conditions (static or agitated culture) are contradictory. Some data suggested ) that cellulose did not form and Zhou-mannitol media, no difference was observed between BC yields. Ruka et al. (2012) varied the sizes of fermentation vessels and the volumes of the media in them and found that the highest cellulose production was obtained in the bioreactor with the largest surface area. The use of greater volumes of the medium resulted in higher cellulose yields, but that also increased production cost and time. Moreover, the layer of the medium had to be sufficiently thick for cellulose to be completely immersed in it during the production process. Authors of another study (Pa'e et al., 2011) compared BC yields in the static culture of A. xylinum and in the agitated culture by using a Rotary Discs Reactor, RDR, and found an 80.77 % difference, with the BC production being considerably higher in the bioreactor than in the static culture.
In the present study, the highest BC yield (about 17.0 g/L) was observed in the experiment with K. xylinus B-12068 grown in Petri dishes containing 20 ml of the medium (the medium layer being 0.5±0.1 cm thick). In Petri dishes, the volume of the medium was four times smaller than in the flasks but the surface area was the same as in the flasks (60±1 cm 2 ), and the amount of the substrate (glucose) was 2.2-2.6 times smaller (Table 1) . These results are in good agreement with the data in the study by Ruka et al. (2012) , showing that the lower volume of the nutrient medium in the vessel did not decrease BC production but increased the efficiency of utilization of carbon substrate.
Thus, in the present study, high yields of BC were obtained from the culture of K. xylinus B-12068 -a new strain of acetic acid bacteria.
The highest BC yields reported in the literature were 1.2-4.5 g/L (Castro et al., 2012; Ruka et al., 2012) and 5.96 g/L -from the culture of a mutant strain (Hungund, Gupta, 2010) .
Conclusion
In the present study, we investigated production of bacterial cellulose in the culture of the strain Komagataeibacter xylinus B-12068 from different carbon sources and under different culture conditions. The highest BC yield (7.9-17.0 g/L) was obtained in the modified glucose-enriched HS medium supplemented with ethanol at 30 °C and pH 3.9 over 7 days of cultivation.
